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Progrego  Report  on  fforlc  Parformsd  la  tha  Period  January  1 
■i;o  Maroh  31«  1947,  tfader  Coafcraot  yr~18-085-CffS-1518 
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SUMMARY 


f 


la  a  ooiibiauation  of  the  study  of  pho«j>h«pU8- fillings  for 
auaitiOEB,  additional  reain  binders  for  gjfOinulated  vrhito  ^ica^lSoruB.  haTO  <lq 
baea  tested^ -.R»aina^_pEeparad  in  the  laboratory  laoJced  either  strength 
or  durability,  the  searoh  for  ncthods  of  preparati^^  of^resins  has 
been  dlocwstinuenv—  SeToral  ocsamsroial  preparations  Imw 'buien  found  to 
harden  readily  at  .fooai  toinporature  and  to  form  stable  mbct’oree  with 
granulated  phoaphems.  Taste  of  cenmEirciul  resins  are  being  oontinuedt  , 

y  ’  'Firing  teste  haira  shown  that  the  perfomianoo  of  rigidly  solid 
filllnga  is  doparidoat  upon  tho  bursting  ohargo.  Hlgh- 
brisanoe  bursters  invariably  fragnent  th.o  filling  ez:ceBi3iv»)ly  with 
resultant  pillaring  of  tho  oombustiozi  products.  Burster  cliargeo  of  a 
propollwit  powder  pi’oduood  relatively  little  fragnontation  and  little 
pillM'lng.,  Burator  aharg«>6  will  be  ia's'estigated  more  thorou{^ly. 


Ahs 


thorml  stability  testn  used  in  o valuation  o;,'  tlie  FWP 
prepared  atlEdgwood  Arsorsal  ora  not  applicable  to  phospliorue  iillings 
of  the  type \pro pared  by  T'/'A.  It  ic  tisaumod  that  the  major  adverse 
I  of  root  r.f  thorniiil  .UrstabllHy  cf  a  phosphorus  filling  in  r.  pi'cieotilo 
is  tto  lateral  of  the  otiuter  of  gravity  th^at  i/ould  r'Vsult  froiri 

storage  of  bhe  projuotllo  on  its  side  T-mdor  tropical  oond !■> ions . 
Attemptfi  vdll  bo  mido  to  inauoui'o  the  oiriit  in  otatio  bs-lani'e  of  a 
fillod  projeoti  le  no  a  Tmms'a’Q  of  the  tJr'rjiial  stability  of  tho 
projectile , 
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PHOSPHOHUS  FILLINGS  FOR  MOKHIOHS 


Progreas  Report  oa  Work  forfoemd  in  tha  Period  January  1 
March  31,  1947,  PMer  Contraob  ff~18~03S"CffS~il318 


In  a  oonfcinuatlon  of  tha  search  for  suitable  reclna  for  binding 
granulated  vhita  phosphorus  In  filliuga  for  munltlona*  several  additional 
preparations  of  rdslns  from  lobora‘(;ory  i*eagents  were  inveetigated,  and 
several  additional  oomneroial  casting  resins  were  tested. 

Firing  tests  showed  that  the  USA4D  fuse  supplied  ^th  the  1115 
grenades  is  too  brisant  for  aetisfr.otory  porformanoe  of  rigidly  solid 
fillings  of  the  type  prepared  by  Attempts  therefore  were  made  to 

develop  a  burster  more  suitable  for  use  with  the  eiperiaenfcal  f  illings. 

Work  ^ma  started  on  the  dovoloproent  of  a  thermal  stability  teat 
for  evaluation  of  fho  behavior  of  the  omperinsntal  fillingu  in  projootilos 
stored  under  tropical  oonditiona. 


RESIN  BINDllHS  AIR  ORAIIULATOD  .HHITE  PHOSPHORU^i 


Laboratory  Preparatione 

Reoina  wore  pi’opoi’od  in  the  le.borutory  by  mothodo  detoribori  by 
Cerloton  Ellis  in  his  book.  ’*Tho  Cltomiotry  of  .Synthetic  Royinti'  (Rolnholi 
Pub.  Coip.,  Haw  york,  195ii),  Ths  parontliatioal  page  numbo/'o  ir.  thin 
aootion  refer  to  Ellin'  boo'c. 

Cc'udojiBSd  wroa~forinaldshyd(i  roeir.  (p,  594)  pa’ovod  luit atisf notary 
ir  mintiiros  with  granulated  phoophui-uo,  because  it  shrank  raarkidly  on 
setting.,  oraokod,  and  eventually  di.nlntogrp.tod  on  otandinj^  in  the  air. 

A  resin  properod  frun  ur<m  awl  furfural  (p.  £369)  wan  the  best  of 
tha  laboratory  preparations.  At  room  temia rot ura  the  mixtureEi  hardened 
at  about  the  desired  rate  to  yield,  a  product  having  seveKil  detilrable 
properties.  The  hardened  rosin  diiiirrUegrated,  hwever,  upon  orpoaux'e  to 
a  temps raturo  of  Gb®  C. 

A  fiarfural-acetaldehyde  jesia,  hardened  with  hydrociilcr  io  acid 
(p.  621),  set  to  a  hard  solid  in  alxout  15  days  at  room  tomparatvre. 
liinturee  of  this  resin  with  granulated  phosphorus  nevei-  sot  to  a  rigid 
solid,  however,  luid  it  is  assuasd  that  ovaporation  of  vmtor  was  prevented 
by  the  contai.nBr.  Beoause  of  -the  varkad  acidify  of  the  hfvrdenod  propara- 
tious,  the  mixtures  are  considered  to  bo  undesirable  for  uae  ii'  metalllo 
projectiles. 
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Furfural “phanol  rooln#  (pp.  f522-'')  raqulro  much  leoa  ijidroohlorlo 
aoid  than  do  tho  furfur al-aoeta Ido hyde  rooi-naA  Exporinenb&l  furfural-phenol 
reoine  eot  to  hard  eolids  in  about  4  days  at  room  temperature  hut  cracked 
and  dlalntofpratod  on  Btondinj^.  ^ 

Furfural  alone  ia  oondonaed  to  a  hard  splld  by  etronjt  sulfurio 
acid  (p.  621).  Tho  acid  apparently  aoto  only  ap  a  catalyct,  for  it  can 
be  lea ohed  with  vmter  from  taie  hardened  rooin.  Tho  rosin  proved  unsuitable,  : 
booeuso  it  shronk  on  setting  and  orackod  on  standing. 

Thiokol  latex  v/aa  prepared  from  jodiiun  polysulfide,  ethylene 
diohloride,  and  raagneoium  hydroxWe  (p.  1172).'  The  latex.  In  rrdxtures  with 
granulated  phosphorus,  won  then  oorgalr<ted  vfith  acetic  acid,  but  the  produots 
wore  unsat Is factory . 


Commeroial  Re  alias 

Mixtui’oa  of  cranultttod  plorphorua  with  either  Du’-ez  '!421A,  produced 
by  Duror,  Plastics  and  Chemioalc,  Ircorooratcd,  cr  Duralon  AO,  produced  by 
tho  U.  S.  Stoneware  Cortptiny,  set  to  phyi=;ically  stable  solids,  provided  tlie 
water  was  first  washed  fror  the  ph'cphoruc  with  alcohol. 

A  saiqilo  of  Elcnom  124  ler.in,  p-eparod  from  dlwthjrl  hydantoin, 
was  obtained  from  the  Ele-ctroc ’emirtlo  Popartmont  of  E.  I.  du  font  do  Nsmoura 
and  Company.  Aitempts  to  obtain  r<<>n-tomp>rature  sots  of  inixturen  of  Hiia 
resin  with  urea  or  with  phenol,  using  oitbsr  sulfuric  aolc'.  or  lodlum 
hydroxide  as  the  aetbing  agent,  woic  uiusucieseful. 

Baker  casting  rosin  No.  ? 00, 972,  obtained  from  }Jiker  Oil  Tools, 
Inoc^orated ^proved  similar  to  thr  Durot  resting  rosin  and  set  to  a 
phy  ,c*ily  stable  solid  5.0  mlxturo<  with  grouulatod  phorpiiorun. 

Catabend  400,  a  product  of  tho  CatAlir.  Corporation  cf  /jnorioa, 

Is  readily  sot  at  room  tomporature  lx.  u  harfi\^olid  similar  to  hardened 
Duret.  Mixtures  of  this  resin  with  granulitod  phosphorus  have  been  propored 
but  have  not  been  subjected  to  firing  tests. 

Thiokol  LP-2,  ft  liquid  por.ycv))*  produced  by  tho  Vhiokcl  Corporation, 
appears  to  be  tne  aiont  promising  o;'  bliti  rosins  rjtudlod  thus  f r .  Roera- 
temperaturo  oures  to  rubbery  solid:  viorr  obtained  roadlly  by  tr.o  addition 
of  either  7.5  ports  of  lead  peroxi(.e  or  20  parts  of  furfural  and  2  part^ 
of  formlo  aoid  per  100  parts  of  thr  liquid  polyiror.  The  load  joroxlde 
mixture  In  quite  stiff  v/lion  first  pr'-'piirad  and  Is  difficult  tc  mljc  vlth 
granulated  phosphorus.  The  ralxturr  contaioing  furfural  and.  fcivnio  acid 
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in  quite  fluid  and  ia  eaaily  mixed  with  granulated  phosphorus.  The  lead 
peroxide  mixture  note  in  about  24  hours,  but  at  least  a  week  is  required 
for  curing  of  the  mixture  containing  fiarfural  and  formio  acid.  Mlxturea 
of  the  liquid  polyiner  with  sine  oxide  r.rd  hoxamethylonctotramino  sot 
neither  at  room  tomperaturo  nor  at  70®  C. 

A  study  of  phocphoruo-water  emulnionn  stahilieed  with  polyvinyl 
alcohol  hau  loon  started.  Knulsiorfi  oonta  lalr^  about  75  per  oent  phosphorus 
have  been  prepared,  and  a  mixture  cf  plostur  Or  Paris  wlih  suoh  an  emulsion 
has  beer.  made.  Nona  of  thooo  pro  per  at  ton  a ,  hw/Oyor,  has  boon  subjected  to 
firing  teats. 

Attempts  are  being  made  to  obtain  anjiiplcs  of  the  water-soluble 
roclna  that  “re  said  to  Inoreaae  the  strsn^th  of  plaotor  of  Paris  castings. 
Sir  o  plaster  of  Pari*.  has  acvor&l  doeirablo  properties  as  a  modi'® 

f-*.  the  pn'paration  of  phosphorus  Mllingo,  the  use  of  suitable  resins  to 
increase  the  8ti*oagth  and  decrease  tho  poroclty  of  plaster  castings  should 
result  In  Inqprovod  mixtures  v/lth  gtfnulated  phosphorus. 


PKEPAllArim  OP  PJ!(6PH0rUS  FOR  FILLINGS 


Oranulation  of  Phosphorus 

Although  phosphorus  from  the  -.et  granulator  oonsisto’of  rou^ly 
spheriocl  particles,  irreguloritlec  in  tho  shape  of  the  particles  result 
in  an  urdoairably  high  proportion  ff  latorititinl  space  in  a  mass  of  the 
granulated  phoaphor.'.s  .  Tho  boot  mixtures  of  various  sites  of  the 
granulated  phosphorus  contain  33  per  oont  Interstitial  space,  and  careful 
nlxir  cf  the  granules  is  necossarj-  to  naictain  this  miairntTn,  for  the 
differer.t  sltee  tend  to  segregate  r.-n  s-cJjrrlng  of  tho  mixture  under  water. 
With  33  per  oent  interstitial  space,  a  nlxbure  jof  granulated  phosphorus 
and  binder  can  contain  a  maximum  of  about  75  por  oent  by  wei^t  of  phos¬ 
phorus  when  the  binder  ie  a  resin  with  a  Brsoifl^^c  gravity  in  the  usual 
range  of  1.2  to  1,4  and  a  maximum  c-f  abemt  60  por  cent  by  weight  of  phos- 
phoiMs  v»hon  tho  binder  is  plaster  cf  Pstris.  Regardless  of  the  typo  of 
binder,  horevor,  tho  amount  of  phorphorus  proBonfc  would  be  67  per  oent 
of  the  amount  of  massive  phoopherus  that  could  be  put  into  the  same  space. 
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Phoophoraa  Sulfldo  Sludt 


Th®  aemlBolid  oludgiB  prevlouoly  obtained  as  a  byproduct  in  the 
preparation  of  the  low-melting  phosphorva-sulfur  eutectic  wac  reproduced 
when  the  e<j(toetio  waa  proporod  with  f lowera  of  sulfur,  but  none  of  the 
aludge  was  obtained  y^on  the  eutectic  was  prepared  with  lump  sulfur.  The 
sludge,  a  rli^tly  rubbery  eomiaolid  ifd.th  the  oonsiatency  of  aofb  putty, 
apparently  is  a  mechanical  ndjcturo  of  liquid  phosphorus -sulfvr  solution 
and  undlsoolved  solid  sulfur.  The  aludge  was  solparated  from  ^e  liquid 
phosphorus -sulfur  eutcotio  by  filtration  througlA  paper  on  a  Buchner  fuiu»l 
under  water.  Charges  of  the  sludge  in  beakers  performed  fairly  well  vfhnn 
exploded  with  firecrackers,  but  this  material  appears  to  be  more  a  labora¬ 
tory  ouriouity  than  a  pmotioal  phosphorus  fillln|g  for  munitions. 

\ 


THIiR/iAL  STABILITY  TBSTS 


The  tiwrmal  stability  tests  used  in  evaluation  of  the  puttyliko 
PiVP  prepared  at  Edgewood  Arseral  are  not  suitable' for  evaluation  of  rigid 
phosphorus  fillings  of  the  type  prepared  -by.TVA.  An  investigation  was  made 
of  possible  nothoda  of  ovulu.tting  the  ability  of  a  given  solid  binder  to 
retain,  the  granulated  phosphorus  with  which  it  was  mixed.  It 

was  assumed  that  a  thermally  stable  rigid  filling  should  retain  substantially 
all  its  phosphorus,  even  when  the  filling  was  not  closely  confined. 

\ 

Several  fillings  wore  oast  in  plaster  or  glass  molds.  Vfhon  the 
fillings  had  hardened,  thoy  wore  removed  from  the  molds  and  suspended  la 
either  water  or  carbon  dioxide  at  65®  C. 


killings  bound  v/ith  urea-furfvural  laboratory  reclno  disintegrated 
rapidly  5h  water  at  66®  C.  and  lost  63  per  cent  of  their  phosphorus  la 
6  hours  in  an  a'tmosphere  of  carbon  dioxide  at  65®  C.  Fillings  prepared 
with  Durec  easting  resin  lost  5  per  oent  of  their  phosphorus  when  suspended 
in  water  for  6  hours  at  65*  C,  and  13  per  oent  when  suspoudod  in  carbon 
dloodde.  It  was  apparent,  however,  that  thle  test  was  much  more  drastic 
than  would  be  encountered  by  a  filling  in  a  projectile  under  tropical 
storage  conditions,  and  it  appeared  that  the  loss  of  phosphorus  probably 
wae  duo  mora  to -faulty  mixing  of  tho  phosphoruo  with  the  resin  than  to 
undealriTblii  properties  of  tlie  hardened  plastlo.  On  tho  small  scale  on 
which  these  fillings  are  being  prepared,  however,  mechanical  mixing,  which 
obviously  would  Improve  contact  between  the  rosin  and  tho  individual 
granules  of  phosphorus,  does  not  appear  foaslbl^ 


o 
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In  the  belief  that  thermal  in8tal>l\ity  of  an  otherwise  satis¬ 
factory  filling  would  be  serious  only  if  it  resulted  in  sufficient  shift 
of  material  to  displace  the  center  of  gravi^jy  of  the  munition,  tests  were  • 
made  to  evaluate  this  shift  of  material.  Various  fillings  were  oast  in 
46-mni.  glass  tubes,  the  onds  of  w}ilch  wore  closed  by  rubber  stoppers. 

When  the  fillings  had  hardened,  ono  rubber  otopper  was  removed  from  each 
tube,  and  the  tubes  wore  suspended,  open  end  down,  in  a  stoppered  bottle 
full  of  carbon  dioxide.  The  bottle  vao  placed  in  a  water  bath  at  66"  C. 
for  24  hours,  ard  the  phosphorus  loot  from  the  filling  was  collected  in 
the  bottom  of  the  bottle  and  weighed.  The  results  of  such  tests  of 
various  fillings  are  listed  in  Table  I.  Each  eeunplo  contained  approximately 
46  grama  of  granulated  phosphorus  and  occupied  about  a  30-mm.  length  (40  oo. ) 
of  46-inm.  tubing. 

TABLE  I  .  '  . 

Thermal  Stability  Tosls 

(Saroplas  contained  in  46-irra.  glaao  tubes  and 
suspended  in  COg  for  24  hours  at  65"  C.) 


Binder 


Ago  of 
samp  Is,  days 


Lobs  of 
phosphorus, 


Urea -fur  f  urn  1 

9 

78 

■  ■ t“' 

28 

64 

Furfural -phenol 

9 

16 

T'.-li 

20 

15 

Furf’  al-HaSO^ 

9 

66 

>>1' 

20 

40 

Plaster  of  Paris 

9 

7 

■;  '%■ 

■  '  '•  '1)^ 

i  'i' 

: 

’’  *'‘f| 

20 

12 

Duralon  rosin 

10 

7 

,  ■  : 

:  •1^'^ 

26 

14  ' 

i  i 

-'Si, 

Durez  resin 

10 

30 

H  J  L 

50  . 

8 

i  'I 

{  W’ 

BoJeer  rosin 

6  \ 

27 

' 

26  \ 

10 

* 

ThloUcol  IP-2  with 

10 

62 

i  1 

furfural-HCOOH 

30  \ 

30 

1  ^  c 

•  '  ^ 

• 

\ 

\ 

\ 

‘  ^ 
i 

,  y 

i 

■  H. 
1 
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A  ton  sainpleo  were  oast  in  tail-form  boakors  made  from  67 -mm. 
glass  tubing.  Tho  fillings  were  of  substantially  tlio  same  sis©  as  those 
used  In  charges  in  160-co.  boakors  for  firing  tests.  The  binders  were 
Duret,  Duralon,  Baker,  Catabond,  and  Thiokol  LP-2  sot  vrith  furfural  and 
formic  acid.  Glass  burster  wells  for  fireorackors  were  Inserted  in  tho 
charges.  The  cliorgea  wero  oovorod  \rltli  an  atmosphere  of  oarbon  dioxide, 
and  the  beakors  woro  closed  with  rubber  stoppers. 

y/lion  the  fillings  had  hardened,  the  stoppered  beakors  were 
suspended  uprlglit  In  a  65“  C.  water  bath  for  24  hours.  In  each  tost  the 
filling  shrank  oll^tly  and  pullod  away  from  the  walls  of  the*beaksr, 
although  nono  of  tho  fillings  oomplotoly  loosened  from  ilie  container. 

Soim  phosphorus  separated  from  each  filling  and  oollootod  between  the 
filling  and  the  walls  of  the  oontainer,  like  a  liquid  film  between  tho 
walls  of  a  oylinlor  and  a  loosely  fitting  piston. 

Althou(^  the  vapor  pressure  of  white  [phosphorus  at  66*  C.  is 
only  about  0.7  mm.  of  moroury,  small  amounts  off  phosphorus  apparent  ly  were 
distilled  out  of  oftoh  filling  and  collected  on  ^he  walls  of  the  containers 
above  ths  fillings.  Tho  total  movomont  of  mtorial  in  these  tests 
appearod  to  bo  insufficient,  however ,  fer  significant  displaoement  of  tho 
centers  of  gravity  of  -the  fillings.  | 

Additional  thermal  stability  toots  wil\  bo  made  on  sanplos 
prepared  in  the  same  manner,  but  the  sanples  will  be  suspended  horleontally 
during  the  tests.  In  addition  to  nEaeuring  tho  amounts  of  ^phosphorus  which 
run  out  from  tho  fillings,  attempts  will  be  imde  to  determine  shifts  in 
centers  of  gravity  of  ttie  fillings  for  tho  purpose  of  evaluating  tho 
balllstlo  stability  of  tho  fillings  after  storage  under  tropical  conditions 
in  a  horizontal  position. 


FIRING  TCSTC 
-  \ 

\ 

To  oonsorve  time  and  material,  exploratory  firing  tests  of  fillings 
prepared  fkon  granulated  phosphorus  ani  various  binders  wore  oarriod  out  in 
beakers  vrith  firooraokors  as  bursters.  Tests  of  various  types  of  bursters 
were  made  with  M15  gremdoa. 

Bjany  bursts  and  pillars  woire  photographed,  and  the  photographs 
were  of  material  assistance  in  the  evaluation  of  the  several  fillings. 
Piotures  of  the  eoreening  smokes  woro,  on  the  whole,  of  littlo  value 
because  of  the  variations  in  wind  velocity,  even  between  sucoesolvs  shots 
In  tho  same  rieries  of  tests. 
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la  the  axploratory  firing  tents  with' charges  in  160-co,  beakers, 
each  charge  was  about  60  per  cent  of  the  amount  that  would  be  charged  in 
an  M15  gronado.  The  beaker  generally  wan  laid  on  its  side  on  the  grouzd 
and  burst_with  a  firooraokor.  .  1 

The  explosion  usually  throw  fragjTBixts  in  the  directions  of  1316 
radii  of  the  beaker,  very  little  material  ^ing  thrown  in  either  direction 
along  the  axis  of  the  beaker,  klany  of  the  fragnonts  thus  were  thrown 
oonsiderable  distances  throu^  the  air,  oni  the  smoke  emitted  by  the  flying 
fragments  tended  to  Inorease  the  apparent  amount  of  pillaring.  Because  of 
the  exoenslve  scattering  of  the  fragments,  as  well  as  the  narked  variations 
in  the  wind  velocity  during  tho  tests,  observations  of  the  amounts  of 
pillaring  and  the  parsistenco  of  a  norooning  smoke  are  oon<*i4ered  to  bo 
much  lesr  reliable  aa  haeos  of  evaluation  than  the  total  burning  tims, 
which  was  the  tino  elapsed  between  the  explosion  euad  persistence  of  a  flame 
from  the  largest  frapnent  of  the  shattered  filling.  Tho  rr-ximum  throw  of 
frapnonte  by  the  explosion  is  a  rouizh  moasure  of  the  resistance  of  tho 
filling  to  fragpientationj  it  appoorn  probable  that  larger  oartiolos  of  a 
burning  filling  will  be  thrown  farther  -than  smaller  perticles,  assvsning 
the  same  inlt^ial  velocity. 

With  the  exception  of  fllllngn  pro^rod  with  coogulated  thiolcol 
latex  and  Thlokol  lI‘-2,  all  the  fillings  in  the  seriec  were  rigid  bodies. 

The  results  of  firing  teste  of  tho  various  fillings  aie  listed  in  Table  II. 
Since  each  filliag  was  tested  with  two  or  morV  shots,  minimum  and  maximum 
values  are  recorded  for  each  observation.  From  Table  II  it  is  apparent 
that,  of  the  laboratory  preparations,  only  the  urea-fcrrmldehydo  and  urea- 
furfural  resins  are  of  suffiolont  promise  to  warrant  furtJvor  investigation. 
All  the  commerolal  resins  performed  bottor  than  any  of  tho  laboratory  resins. 

A  beaker  charge  of  the  eei-iisolid  phosphorus  sulfide  sludge  pillared 
slightly  on  explosion,  but  the  total  burning  time  was  300  seconds.  Addition 
of  a  small  amount  of  liquid  phosphorus-sulfur  eixtectic  to  tho  sludge 
increased  the  pillar  markedly  and  docroasod  the  biming  time  to  only  15 
eeoonds. 

In  a  fsw  shots,  tho  beakers  wore  set  upright  on  tho  ground  and 
exploded  with  firecrackers.  Since  the  frapnonts  wore  rolled  along  the  j 

ground  by  tho  burst,  rather  than  thrown  through  the  aJr,  pillaring  was 
reduced  and  burning  time  was  inoroaoed.  From  these  sliots  it  was  oonoluded  ! 
that  the  optimum  burster  vnould  be  one  that  would  scatter  fragircnts  of  ths  ' 
filling  only  faup  enou^  to  give  satisfactory  distribution  of  the  fragments, 
since  nore  vigorous  scattering  would  result  in  inoreated  pillaring. 
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Firing  Toato,  of  VariwB  Phoaphoruo  Fillings 


(Ghargaa  oontainod 

in  150-OO. 

boakero 

and 

burnt  v/lth  2- 

inch  f irocrnr-korn) 

Fra  gment  ati or 

Peraiotenco 

,  aeu. 

Max. 

Max. 

Screening 

Total 

Binder 

thro?/,  yd. 

Bite,  cm. 

omoke 

burning 

Pi  Ilex 

None  (nassive  P) 

25-40 

- 

30-60 

SO- 150 

Sll^t  to 
narked 

Laboratory  rooiiia 

Urea-fonraldohyde 

15 

3.8 

15 

210 

Uarked 

Urea-f orna  Idehyde 

Gonsrally 

(oondaneed) 

15-40 

2. 0-3. 9 

lO-GO 

70-240 

ali^t 

Uroa-fur  fUrol 

Urea -fur fural - 

30-40 

3.8 

20-50 

i'0-240 

Slight 

formaldehyde 

40 

- 

m 

120 

- 

Fur  fural -for  Tnaldehyle 

30-35 

- 

1  25-60 

70-120 

Marked 

FiMpfural-aoetaldohyie 

30  . 

Largo 

\  10-40 

60-210 

Slight 

Furfural- phenol 

12-20 

Small 

\  - 

40-80 

l&rkod 

Pur  fural -HgS  O4 
Coagulated  thlokol 

20-38 

1.5 

110-160 

Slight 

l%tex 

3-10 

Soft 

1  - 

120 

• 

- 

Comn*  oinl  prepnnitiona 

\ 

piaster  of  Faria 

10-50 

Generally 

• 

largo 

15-75 

120-240 

Slight 

Dural on 

30-40 

2,5 

- 

190-360 

Little 

Cures 

20-75 

2. 0-2.8 

- 

160-300 

Little 

Thlokol  LP-2 

6-15 

Soft 

- 

300-330 

^Little 
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So->rora3.  bofikor  charges  v/oro  h-rot  wl'bh  3-inch  f ii-ooraokora. 
These  v/oro  more  piworlYil  than  tho  2-inch  flrcorockoro  and  produced  a 
narked  increase  in  pilloi'ing,  a  decrease  in  the  siao  of  the  fragrronts, 
and  a  pronounced  doorcaoo  in  total  burning  tiTnej^. 

It  v/aa  apparent  that  the  nirall  oIro  ^  tho  charges  in  150-oo. 
boakors  made  extrapolation  of  results  of  firing 'tests  to  jcotiiifited 
perfonnanoo  of  actual  munitions  quite  difficult.  Chargoslof  massive 
phosphorus  and  of  uroa-furf»iral  and  plactor  of  Paris  mixtui;‘0  3  with 
granulated  phosphorus  vroro  oaot  i.i  600-cc.  boairero.  Each  charge  was 
oast  to  tho  some  depth  that  is  uood  in  the  IbO-co.  beakers.  Tho  volume 
of  filling  uaod  was  then  about  2.4  times  that  in  the  150-cc.  boaksrs 
and  about  1.4  timuo  that  of  llio  W15  gi’orado.  Buratir.g  of  the  massive 
phosphorus  cluxrg'J  with  a  2-inoh  firoorockor  rooultod  in  marked  pillar, 
fragtr«rrtrnvor0  thrown  13  yards,  n;vi  tho  burning  time  v.ae  210  oocijnda. 
With  the  uroa-fui*fural  and  piaster  of  Paris  mixtures  tv^e  pi  Haring  vns 
slight,  fragronta  as  largo  as  2.5  cm.  wero  thre^n  20  and  1C  yards, 
respectively,  and  they  bumnd  for  300  and  330  seconds,  resire otive ly. 


Tests  of  Bursters 


Pieburm  of  bursts  ard  of  the  marked  pillars  produced  by 
explosion  of  charges  in  M15  g-ena.los  with  ?iCA.4n  fuzos  wore  indistin¬ 
guishable  when  tlVJ  fillings  v/c-'o  liquid  phosphorus -sulfur  autootio, 
mssive  phosphorus,  or  mixture^  of  granulated  phosphorus  vdth  plaster  of 
Peris,  urea-furfural  rosin,  or  a  comorcial  casting  resin.  Similar 
results,  includin'  the  mrkod  pillars  ard  relatively  short  burning  times, 
were  obtained  vdion  the  oama  fillings  v/ore  chrirgod  in  150-cc.  beakers  end 
exploded  with  unetemmod  No.  6  blasting  capo.  It  was  concluded  that,  in 
view-«rf  llilroonoifitont  dlfforoncos  in  p'.rformanco  of  those  fillings  when 
burst  with  flrooraokers ,  a  hi(^.ly  brinarrt  burstor  would  no^;  give  optimum 
per  urmar-oe  of  rigid  phosphorus  flllingr..  A^^nearch  was  then  ntartod  for 
more  suitable  bursters. 

In  ono  ihot  in  which  a  boakor  chargo  of  a  mJxi;uro  of  gronulatod 
phosphorus  and  plaster  of  J  arir  was  exploded  wj.th  a  flreoraokrjr  in  a  well 
located  just  Innido  tho  boakor  v/all,  improved  performance  over  that  obtained 
with  centrally  located  bursters  in  the  came  mixture  wnc  observed.  To  test 
the  effect  of  relocation  of  highly  brisant  bursters,  K15  grenade  cases 
wore  fitted  with  burster  v/olls  of  S-ima.  glass  tubing  cot  .just  inside  tho 
walls  of  the  oasos.  Cases  wore  fitted  with  one  well,  two  %to11o  180  degprees 
apeert,  and  three  wells  120  degrees  opart.  Explosion  of  a  single  Primaoord 
burster  in  those  oasos  produced  mirked  pillaring  with  each  of  the  three 
fillings  usodj  tJie  massive  pJxosphoruc  b'.xrnod  for  120  seconds,  the  uroa- 
furfural  filling  for  240  oooonds,  and  tl'O  plaster  of  Parle  filling  for 
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300  s90oiid8.  The  grenade  caaos  wore  split  down  one  side  only,  and  much 
of  the  filling  remained  in  the  case.  Neither  the  case  nor  the  filling 
vran  thrown  very  far.  Explosion  of  two  or  three  Primacord  bursters  in  a 
grenade  case  produced  oxoesoivo  pillaring,  and  burning  time  of  30  to 
l^fl  ywriaiitTi  wore  obtainod  with  nil  llio  fillings , 

Althou^  somev.'hat  increased  bul'ijing  times  resulted  fi-om  a  sliift 
of  tha  brioant  burster  from  its  normal  coiijtral  location  to  a  position  Just 
inside  tl^o  eontaino r  vmll,  the  filling  was  not  well  scattered  bj' the 
explosion.  It  appeared  that  bettor  performdnoo  would  be  obtained  with  d 
less  brlsant  bursting  charge  in  a  contro.l  burster  well. 

The  bullets  were  extracted  from  D.  S.  Array  .30-'06  servioo 
cartridges,  fuid  tlie  powder  vms  reserved  for  use  as  the  burstiiif'  explosiie. 
By  attachment  of  nhort  lengths  of  copper  tubing,  the  cartridj^  oaooB  wore 
made  to  fit  into  the  W16  burntor  ’toII  irith  the  primer  just  bolow  the 
bottom  of  the  fomnlo  threads  iu  the  woH.  Recloimod  heads  of  tJSAdD  fuzes 
or  short,  threaded  collars  wore  used  to  seal  the  cartridge,  otiso  in  the 
burster  well.  Eigfxtpeuny  common  nails  vrero  used  as  firing  pins.  The 
firing  pins  wore  ntruclc  by  a  falling  pordulmn  that  v/ar  roloasod  by  remaie 
control. 

Various  amounts  of  .30-* 06  po^'^der  wore  placed  in  the  oartridg* 
canes  and  hold  in  place  by  olugs  of  ootton.  The  results  of  firing  several  i 
grenadoa  containing  variour  phosphorus  fillings  and  various  tunounto  of 
pewder  arc  listed  in  Table  -TI. 

The  ohargeo  of  .30-*C6  powder  usually  toro  about  a  i?0-dogree 
strip  out  of  one  side  of  the  case  and  loft  the  body  cf  the  case  relatively 
undamaged  otherwise.  The  long  lui’ning  timos  probably  are  dut:  largoly  to 
the  fact  that  much  of  the  filllngj  romnlnod  In  the  esfos.  la  npite  of 
the  limited  scattering  of  frugrrents  of  the  fillings,  hcAver^or,  smoko  was 
;  oduced  steadily  in  vhat  appeared  to  bo  v^ry  satisfactory  volime  throu^- 
ovtt  almost  the  entire  burning  tin».  1 


One  grenade,  filled  with  plnstor  of  Paris  and  grunulated  phos¬ 
phorus,  was  oxplo<led  'vith  2.5  grams  of  powder  from  regular-velocity  .22* 
caliber  cartridgas.  A  marknd  pillar  v^s  preduoed,  and  the  burning  tiro 
was  only  120  seconds.  The  burster  shredded  Jtho  gronouo  of^ne  much  in  the 
manner  of  M6A4D  fuzes.  \ 
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Firing  Testa  o 

f  Phor.pho; 

•US 

Fillings  P'lrst 

V  ith 

Pillii.g 
left 
in  oaie 

31Jicior 

Powder 

Po^vdor  , 
grarm 

front  .30-* 06  Cartridgos 

Threv.',  yd .  \ 

O.co  I’ragnDntn  Pillar 

Burning 
tine,  sec. 

None  (maaslve  p) 

2 

9 

7 

Marked 

100 

3 

0 

7 

liark^.d 

430 

Much 

Urea-fur  furul 

2 

0 

5 

\ 

'■  Sono  \ 

1900 

Half 

3 

e 

- 

Slight 

Half 

3 

0 

15 

Slight 

dbp 

- 

3 

11 

- 

Slight 

300 

Quarter 

4 

- 

n 

SOHD  ' 

f)10 

Jiuoh 

5.5 

- 

- 

Some 

800 

Third 

Plaster  of  Paris 

1 

Failed 

to 

lurat  well 

- - ^ 

2 

- 

4 

Slif^t 

570 

half 

3 

2 

350 

Most 

3 

3 

5 

Slight 

210 

- 

4.6 

3 

5 

slight 

390 

Quarter 

Dura Ion 

3 

3 

- 

Slight 

540 

Half 

Baker 

3 

1 

- 

Slight 

300 

Most 
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rm  various  i*8sins  p:^pQr®d  in  the  laboret  jry,  only  the  uroa- 
'furfural  resi-n  ohowo  suiTioiont  pronuse  to  warrant  furtl-or  work.  Sven  thio 
roalri  may  bo  eliminated  because  o'?  its  Instability  unde  •  conditions  of 
tropioul  storaQO.  In  viov/  of  the  excellent  performance  and  proeont 
relatively  low  coat  of  the  several  commercial  casting  rosins  available, 
tho  searoh  for  resins  that  may  be  prepared  in  tho  labortstory  has  been 
teuteblvoly  els  continued. 
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Fiillinga  coneistlng  of  plt.?ttT  of  Paris  and  graculoted  phos¬ 
phorus  ha-ve  shown  up  well  in  firing  teats.  Toots  of  such  fillings  will 
bo  extended  to  inoludo  coirpositions  containing  some  of  the  oomnoroial 
tou^eners  for  plnator  caotings. 

Tho  oonineroial  casting  roc  inti,  Duralon,  Dures,  and  Balceri  have 
propertios  that  appear  to  bo  very  dcciiublo.  The  toIuj  of  these  resins 
as  oompononto  of  phosphorua  fillingp  iu  munitions  will  depend,  hewever, 
upon  the  proouremont  or  devnlopTront  of  a  bursting  ohorg?  that  will  give 
satiafttotory  field  perfcrnance  with  thote  fillingn  in  actual  munitions. 


Tho  Dures  and  Bakor  casting  resins  are  of  tho  phonol-fcrmaldehyde 

typo _ AjuOB'lrJF'  resin  of  this  typo,  Marolette,  will  bo  tested.  Duralon  is 

a  furfural  dorivativn  eind  apparently  ir.  tho  only  resin  of  itn  typo  on  the 
market.  Teats  arc  planned  with  t^vo  other  reol^ne  that  apparently  aro  of  the 
vinyl  typo.  ^ 

Tho  liquid  polyrter,  Thiokol  which  may  bo  cured  at  room 

tomperuturo  to  form  a  rubbery  solid,  forms  phor.phorus  filltlngs  with 
physical  properties  that  appear  to  be  nimilar  to  those  of  TW  prepared 
v’d.th  rubber-myloae  gels.  The  Thiokol  LP-2  fillings  probably  can  be 
prepared  morei  easily  than  pr/P,  ho‘i»e\-er..  and  probably  rill  prove  to  be 
more  stable  balliritioally.  Thiokol  will  be  tested  further. 


Firing  teats  with  various  bwsters  have  indicated  ■'iiat  rigidly 
solid  phosphorus  fillings  give  oost  porfonranoo  when  exploded  with 
b'-’Tsters  of  relatively  low  brieanos.  Tho  search  for  eulte.ble  bursters 
is  being  continued. 

Attempts  to  de^se  mothoda  of  determining  the  efieot  of  storage 
under  tropical  oonditions  on  phosphcruii  fillingr  also  are  i>03.ng  oontlnued. 
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